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(54) [Title of the Invention] ORGANIC THIN FILM FORMING 
APPARATUS AND METHOD OF REUSING ORGANIC MATERIAL 
(57) [Abstract] 

[Object] There is provided an organic thin film forming 
apparatus in which an organic material adhered to a shutter 
for shielding steam from an organic material evaporation 
source can be easily recovered, and an organic material 
reusing method. 

[Solving Means] An organic thin film forming apparatus of the 
present invention has an organic material evaporation sources 
3 for evaporating an organic material 14 in a vacuum chamber 2 
to form an organic thin film on a substrate, and shutters 4 
for shielding and containing steam of the organic material 14 
evaporated from the organic material evaporation source 3 
until a predetermined evaporation rate is reached. The organic 
material 14 adhered to the shutters 4 is heated by a heater 5 
to reevaporate it, the steam is cooled by a shroud 7 through 
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which a cooling medium 71 is circulated, and then captured and 
held in a holding portion 70. According to the present 
invention, an organic material for forming an organic EL 
element with a high purity can be reused. 
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[Claims] 

[Claim 1] An organic thin film forming apparatus, 
characterized by comprising: 

an evaporation source for evaporating a predetermined 
organic material in a vacuum chamber to form an organic thin 
film on a substrate; 

a shutter for shielding and containing steam of the 
organic material evaporated from the evaporation source until 
a predetermined evaporation rate is reached; 

heating means for heating the organic material adhered to 
the shutter to reevaporate it; and 

holding means for capturing and holding the organic 
material evaporated from the shutter. 

[Claim 2] The organic thin film forming apparatus 
according to claim 1, characterized in that the holding means 
has cooling means for cooling the steam in the vacuum chamber. 

[Claim 3] The organic thin film forming apparatus 
according to claim 2, characterized in that the holding means 
has cooling means for cooling the steam in the vacuum chamber 
by using liquid nitrogen. 

[Claim 4] The organic thin film forming apparatus 
according to any one of claims 1 to 3, characterized in that 
the predetermined organic material is an organic compound 
monomer for forming an organic electroluminescence element. 
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[Claim 5] A method of reusing an organic evaporation 
material, in an organic thin film forming apparatus for 
shielding and containing steam of a predetermined organic 
material evaporated from an evaporation source for a vacuum 
evaporation by a shutter until a predetermined evaporation 
rate is obtained, the method is characterized in that the 
organic material adhered to the shutter is heated for 
reevaporation, and then the organic material is captured and 
held to reuse it as an evaporation material. 

[Claim 6] The method of reusing an organic evaporation 
material according to claim 5, characterized in that the steam 
of the organic material reevaporated from the shutter is 
cooled to capture and hold it. 

[Claim 7] The method of reusing an organic evaporation 
material according to claim 6, characterized in that the steam 
of the organic material is cooled by using liquid nitrogen. 

[Claim 8] The method of reusing an organic evaporation 
material according to any one of claims 5 to 7, characterized 
in that the predetermined organic material is an organic 
compound monomer for forming an organic electroluminescence 
element . 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] 
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The present invention relates to an organic thin film 
forming apparatus for forming an evaporation film of an 
organic compound on a substrate, for example, in the case 
where an organic EL (electroluminescence) element or the like 
is manufactured, and an organic material reusing method. 

[0002] 
[Prior Art] 

Conventionally, a semiconductor-based electronics has 
been developed with an inorganic as a research subject. 
However, recently, a functional thin film using an organic 
compound is gathering attention. The reasons that the organic 
compound is used are as follows: 

(1) More various reaction systems and characteristics can be 
utilized in comparison with an inorganic. 

(2) A surface processing can be performed with a lower energy 
than that with the inorganic. 

[0003] 

As such a functional thin film, there are an organic EL 
element, a piezoelectric sensor, a pyroelectric sensor, an 
electrical insulating film, and the like. Such a functional 
thin film is formed mainly by evaporation. However, of those, 
in particular, the organic EL element can be used as a display 
panel. Thus, the expansion of an area of a film formed by 
evaporation is required. 
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[0004] 

Fig. 5 shows a schematic structure of a conventional 
organic thin film forming apparatus. As shown in Fig. 5, this 
organic thin film forming apparatus 100 has a vacuum chamber 
101 connected with a vacuum exhaust system (not shown) . A 
plurality of organic material evaporation sources 102A and 
102B are disposed on both sides of a partition plate 103 
interposed therebetween at introduction portions 101A and 101B 
which are provided in the lower portion of this vacuum chamber. 
[0005] 

Shutters 104A and 104B for containing steam of the 
organic material are respectively provided in the vicinities 
above of the organic material evaporation sources 102A and 
102B. Film thickness monitors 105A and 105B for measuring a 
film formation rate are provided in the vicinities above of 
the shutters 104A and 104B. 

[0006] 

On the other hand, a substrate 106 on which an 
evaporation film is to be formed is disposed in the upper 
portion of the vacuum chamber 101. Also, a heating means 108 
having a heating portion 107 is provided over a substrate 54 
to contact the substrate 106. Further, a main shutter 109 for 
shielding the steam of the organic material is provided under 
the substrate 106. 
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[0007] 

When the evaporation is performed on the substrate 106 
using this organic thin film forming apparatus 100, the vacuum 
exhaust in the vacuum chamber 101 is made. Then, with the 
state that the shutters 104A and 104B and the main shutter 109 
are closed, the organic materials in the organic material 
evaporation sources 102A and 102B are heated at a 
predetermined temperature. 

[0008] 

After the temperature of the respective organic materials 
reaches the predetermined temperature to obtain a 
predetermined amount of evaporation, the shutters 104A and 
104B and the main shutter 109 are opened, and then the organic 
materials are evaporated and deposited on the substrate 106 at 
a predetermined deposition rate to form an organic thin film 
having a predetermined thickness. After that, the shutters 
104A and 104B and the main shutter 109 are closed. 
[0009] 

[Problems to be solved by the Invention] 

However, in the case of the conventional organic thin 
film forming apparatus 100, it is necessary to close the 
shutters 104A and 104B until the temperature of the organic 
materials in the organic material evaporation sources 101A and 
101B reaches the predetermined temperature to obtain the 
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predetermined amount of evaporation. Therefore, there is a 
problem that the organic materials are adhered onto the rear 
surfaces of the shutters 104A and 104B, that is, the surfaces 
opposing the organic material evaporation sources 101A and 
101B. 

[0010] 

If the organic materials adhered onto the rear surfaces 
of the shutters 104A and 104B are left as is, these organic 
materials rise as powder by a vibration due to the opening and 
closing of the shutters 104A and 104B. As a result, there is 
the case where the evaporation film with a uniform thickness 
is not obtained. Therefore, in the conventional apparatus, the 
shutters 104A and 104B need to be frequently cleaned. 

[0011] 

Also, conventionally, the organic materials adhered onto 
the rear surfaces of the shutters 104A and 104B have been 
discarded. However, some of such organic materials are 
expensive and the organic materials reevaporated in a vacuum 
are refined in many cases. Therefore, the reuse of such 
organic materials has been desired. 
[0012] 

The present invention has been made to solve the problem 
of such a conventional technique, and an object is to provide 
an organic thin film forming apparatus in which the organic 
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material adhered to the shutter for shielding steam from the 
organic material evaporation source can be easily recovered, 
and an organic material reusing method. 
[0013] 

[Means for Solving the Problem] 

To achieve the above object, the invention according to 
claim 1 is an organic thin film forming apparatus 
characterized by comprising: an evaporation source for 
evaporating a predetermined organic material in a vacuum 
chamber to form an organic thin film on a substrate; a shutter 
for shielding and containing steam of the organic material 
evaporated from the evaporation source until a predetermined 
evaporation rate is obtained; heating means for heating the 
organic material adhered to the shutter to reevaporate it; and 
holding means for capturing and holding the organic material 
evaporated from the shutter. 
[0014] 

In this case, as the invention according to claim 2, in 
the invention according to claim 1, it is effective that the 
holding means has cooling means for cooling the steam in the 
vacuum chamber. 

[0015] 

Also, as the invention according to claim 3, in the 
invention according to claim 2, it is effective that the 
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holding means has cooling means for cooling the steam in the 
vacuum chamber by using liquid nitrogen. 
[0016] 

Further, as the invention according to claim 4, in the 
invention according to any one of claims 1 to 3, it is 
particularly effective in the case where the predetermined 
organic material is an organic compound monomer for forming an 
organic electroluminescence element. 

[0017] 

On the other hand, the invention according to claim 5 is 
a method of reusing an organic evaporation material, in an 
organic thin film forming apparatus for shielding and 
containing steam of a predetermined organic material 
evaporated from an evaporation source for vacuum evaporation 
by a shutter until a predetermined evaporation rate is 
obtained, the method is characterized in that the organic 
material adhered to the shutter is heated for reevaporation, 
and then the organic material is captured and held to reuse it 
as an evaporation material. 
[0018] 

In this case, as the invention according to claim 6, in 
the invention according to claim 5, it is effective that the 
steam of the organic material reevaporated from the shutter is 
cooled to capture and hold it. 
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[0019] 

Also, as the invention according to claim 7, in the 
invention according to claim 6, it is effective that the steam 
of the organic material is cooled by using liquid nitrogen. 

[0020] 

Further, as the invention according to claim 8, in the 
invention according to any one of claims 5 to 7, it is 
particularly effective in the case where the predetermined 
organic material is an organic compound monomer for forming an 
organic electroluminescence element. 

[0021] 

In the case of the invention according to claim 1 with 
the above structure, the organic material adhered to the 
shutter is heated by the heating means, and then the 
evaporated organic material is captured and held by the 
holding means. Thus, the surface of the shutter opposing the 
organic material evaporation source can be made to become the 
state that the organic material is not easily adhered thereto. 
As a result, in the film formation, there is no case where the 
organic material rises as powder by a vibration due to the 
opening and closing of the shutter. Also, it is unnecessary to 
frequently clean the shutter. 

[0022] 

In this case, as the invention according to claim 2, the 
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holding means has the cooling means for cooling the steam in 
the vacuum chamber, and in particular, as the invention 
according to claim 3, the holding means is constructed such 
that the steam is cooled by using liquid nitrogen, so that the 
steam of the organic material is easily captured. 
[0023] 

Also, as the invention according to claim 5, when the 
organic material adhered to the shutter is heated for 
reevaporation and then the organic material is captured and 
held to reuse it as an evaporation material, since the organic 
material adhered to the shutter is produced by evaporation in 
a vacuum, it is refined in many cases. Thus, the organic 
evaporation material with a high purity can be obtained. 
[0024] 

In this case, as the invention according to claim 6, the 
steam of the organic material reevaporated from the shutter is 
cooled to capture and hold it, and in particular, as the 
invention according to claim 7, the steam of the predetermined 
organic material is cooled by using liquid nitrogen. Thus, the 
steam of the organic material is easily captured and a 
recovery rate of the organic material is improved. 

[0025] 

Also, as the invention according to claim 4 or 8, When 
the predetermined organic material is the organic compound 
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monomer for forming the organic electroluminescence element, 
the case where an expensive material is wasted does not arise. 
[0026] 

[Embodiment Mode of the Invention] 

Hereinafter, a preferred embodiment of an organic thin 
film forming apparatus and an organic material reusing method 
according to the present invention will be described in 
details with reference to Figs. 1 to 4 . 

[0027] 

Fig. 3 shows one example of the organic thin film forming 
apparatus according to this embodiment. As shown in Fig. 3, 
this organic thin film forming apparatus 1 has a vacuum 
chamber 2 connected with a vacuum exhaust system (not shown) 
such as a cryopump. Organic material evaporation sources 3 (3A 
and 3B) are disposed to interpose a partition plate 15 in a 
plurality of introduction portions 2A and 2B which are 
provided in the lower portion of the vacuum chamber 2. 

[0028] 

The insides of the organic material evaporation sources 
3A and 3B are filled with various materials including Alq 3 
[tris (8-hydroxyquinolate) aluminum sublimed] as an organic 
compound oligomer for manufacturing, for example, an organic 
EL element. 

[0029] 
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[CHEM 1] 



[0030] 

Shutters 4 (4A and 4B) for containing steam of an organic 
material are provided in the upper side vicinities of the 
respective organic material evaporation sources 3A and 3B. 
Heaters 5 (5A and 5B) for heating the organic material 
mentioned later are provided above these shutters 4A and 4B. 
Note that, film thickness monitors 6 (6A and 6B) for measuring 
a film formation rate are provided in the vicinities above of 
the respective shutters 4A and 4B. 
[0031] 

Also, a shroud 7 is provided around the respective 
organic material evaporation sources 3A and 3B. This shroud 7 
is structured such that liquid nitrogen are circulated through 
the inside, as mentioned later. Also, the shroud 7 has a 
function for capturing moisture around the respective organic 
material evaporation sources 3A and 3B and steam of the 
organic material 14 reevaporated from the shutters 4A and 4B. 
[0032] 

On the other hand, a substrate 8 on which an evaporation 
film is to be formed is disposed in the upper portion of the 
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vacuum chamber 2. Also, a heating portion 10 having, for 
example, a hot water pipe 9 for heating is provided over and 
contacting the substrate 8. Further, a main shutter 11 for 
shielding the steam of the organic material is provided under 
the substrate 8 . 
[0033] 

Also, a shroud 12 is provided to surround the substrate 8 
and the main shutter 11 in the vicinities of side walls of the 
vacuum chamber 2. This shroud 12 is structured such that 
liquid nitrogen and the like are circulated through the inside. 
Also, the shroud 12 has a function for capturing moisture 
around the substrate 8 and the steam of the organic material 
14 reevaporated from the inner wall of the vacuum chamber 2. 
[0034] 

Further, gas introduction means 13 for introducing an 
inert gas such as a nitrogen gas into the vacuum chamber 2 is 
connected with the vacuum chamber 2. 

[0035] 

Fig. 1 shows substantial parts of this embodiment. Fig. 
1 (a) is a schematic view representing a structure of the 
shutter 4 and its vicinities. Fig. 1(b) is an explanatory view 
showing a method of reusing the organic material adhered to 
the shutter 4 . 

[0036] 
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As shown in Fig. 1(a), the shutter 4 which is provided 
over the organic material evaporation source 3 is attached to 
a support 41 by an arm 40, and thus can be rotated freely in a 
horizontal direction. The heater 5 which is provided on the 
upper surface of the shutter 4 is connected with a power 
source unit 51 which is provided outside the vacuum chamber 2, 
through a lead wire 50. 
[0037] 

The shutter 4 is composed of, for example, a disk-shaped 
member made of high melting point metal such as titanium (Ti) 
or molybdenum (Mo) . A mirror surface is formed on the lower 
surface of the shutter 4. 

[0038] 

On the other hand, as shown in Fig. 1(b), the inside of 
the shroud 7 which is provided around the organic material 
evaporation source 4 is filled with a cooling medium 71 such 
as liquid nitrogen. Also, a holding portion 70, made from a 
concave portion, for recovering the organic material 14 
adhered onto the lower surface of the shutter 4 is formed on 
the upper surface of shroud 7. 

[0039] 

Then, as shown in Fig. 2, the shutter 4 is constructed so 
as to move between the upper side of the organic material 
evaporation source 3 and the upper side of the holding portion 
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70 of the shroud 7. In this case, the shutter 4 is disposed 
extremely near the holding portion 70 of the shroud 7. 
[0040] 

Further, as shown in Figs. 1 and 2, the holding portion 
70 of the shroud 7 is structured so as to have a circular 
shape with a larger diameter than that of the shutter 4, and 
to have a larger diameter than that of the organic material 
evaporation source 3. 

[0041] 

Fig. 4 shows a positional relationship among the organic 
material evaporation sources 3, the shutters 4, and the 
holding portions 70 of the shrouds 7. As shown in Fig. 4, 
there is the case where a plurality of (three in the example 
shown in Fig. 4) organic material evaporation sources 3 (3A, 
3B, and 3C) each having the same structure are provided in the 
vacuum chamber 2, a plurality of (three in the example) 
shutters 4 (4A, 4B, and 4C) each having the same structure are 
provided therein, and a plurality of (three in the example) 
shrouds 7 (7A, 7B, and 7C) each having the same structure are 
provided therein. In this case, the organic material 
evaporation sources 3A, 3B, and 3C, the shutters 4A, 4B, and 
AC, and holding portions 70A, 70B, and 70C of the shrouds 7A, 
7B, and 7C are concentrically arranged. The respective 
shutters 4A, 4B, and 4C are constructed so as to move between 
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the upper sides of the organic material evaporation source 3A, 
3B, and 3c and the upper sides of the holding portions 70A, 
70B, and 70C by the rotation of the support 41. 
[0042] 

In this embodiment with such a structure, when the 
organic thin film is formed on the substrate 8, after a vacuum 
exhaust in the vacuum chamber 2 is performed such that the 
pressure in the vacuum chamber 2 reaches a predetermined 
pressure, the organic materials in the respective organic 
material evaporation sources 3 are heated at a predetermined 
temperature with the state that the shutters 4 and the main 
shutter 11 are closed. 

[0043] 

After the temperature of the organic materials in the 
respective organic material evaporation sources 3 reaches the 
predetermined temperature to obtain a predetermined amount of 
evaporation, the shutters 4 and the main shutter 11 are opened, 
and then the organic materials are evaporated and deposited on 
the substrate 8 at a predetermined deposition rate. Then, 
after an organic thin film having a predetermined thickness is 
formed, the shutters 4 and the main shutter 11 are closed. 
[0044] 

When such a vacuum evaporation is repeated, as shown in 
Fig. 1, the organic material 14 is adhered onto the lower 
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surface of the shutter 4 and deposited thereon. The organic 
material adhered to the shutter 4 can be recovered and reused 
using the following method. 
[0045] 

First, the inner pressure of the vacuum chamber 2 is 
returned to an atmospheric pressure. Then, as shown in Fig. 2, 
the shutter 4 is moved from the upper side of the organic 
material evaporation source 3 to dispose the upper side of the 
holding portion 70 of the shroud 7. 

[0046] 

Then, a current is passed through the heater 5 provided 
on the upper surface of the shutter 4 to heat the shutter 4, 
and thus the organic material 14 adhered onto the lower 
surface thereof is heated. In this case, the organic material 
14 is heated at a temperature that the organic material 14 is 
evaporated (for example, about 350°C in the case of Alq 3 ) . 

[0047] 

The steam of the evaporated organic material 14 is cooled 
in the surface of the shroud 7 to become a solid state, and 
then is captured in the holding portion 70 of the shroud 7. 
Thus, if this organic material is recovered, it can be used as 
the organic material for reevaporation . 

[0048] 

According to this embodiment with such a structure, the 
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lower surface of the shutter 4 can be made to become the state 
that the organic material 14 is not easily adhered thereto. As 
a result, the organic material 14 does not rise as powder by a 
vibration due to the opening and closing of the shutter 4 
during the film formation. Therefore, the evaporation film 
with a uniform thickness can be always obtained. Also, the 
frequency of cleaning of the shutter 4 can be reduced. 
[0049] 

Also, since the organic material 14 adhered onto the 
lower surface of the shutter 4 is produced by the evaporation 
in the vacuum, it is refined in many cases. Thus, the organic 
evaporation material with a high purity can be obtained. 
Therefore, when this material is reused, the organic thin film 
with a further high quality can be formed. 
[0050] 

On the other hand, there is an expensive material as the 
organic material for forming the organic EL thin film. However, 
according to this embodiment, there is no case where the 
evaporation material is wasted, and thus the cost can be 
reduced. 

[0051] 

Note that, the present invention is not limited to the 
above embodiment, and various modifications can be made. For 
example, a pattern of the heater 5 provided on the shutter 4 
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can be made with various shapes. Also, various heaters such as 
an infrared lamp heater can be used as the heater 5. 
[0052] 

Also, a container for holding the organic material 14 can 
be provided separately from the shroud 7 . As the above 
mentioned embodiment, when the holding portion 7 0 is provided 
on the upper surface of the shroud 7, a more compact structure 
can be obtained. 

[0053] 

Further, in the above embodiment, the liquid nitrogen as 
the cooling medium 71 is circulated through the inside of the 
shroud 7. However, for example, the structure may be such that 
cold water is circulated. 

[0054] 

Furthermore, the timing when the shutter 4 is heated to 
recover the organic material 14 can be arbitrarily set. 
However, it is difficult to capture the organic material 14 in 
a vacuum. Therefore, it is preferable, for example, to heat 
the shutter 4 in an atmosphere during the maintenance. 

[0055] 

Furthermore, the present invention is applied to not only 
an apparatus for manufacturing the organic EL element, but 
also, for example, to an apparatus for manufacturing an 
organic sensor and an apparatus for forming a polymer thin 
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film using evaporation polymerization. Of course, the present 
invention has a large effect for particularly an organic EL 
element manufacturing apparatus using an expensive organic 
material . 

[0056] 

[Effects of the Invention] 

As described above, according to the present invention, 
the surface of the shutter opposing the organic material 
evaporation source can be made to become the state that the 
organic material 14 is not easily adhered thereto. The rise of 
the organic material by the vibration due to the opening and 
closing of the shutter during film formation can be prevented. 
Therefore, according to the present invention, the evaporation 
film with a uniform thickness can be always obtained. Also, 
the frequency of cleaning of the shutter can be reduced. 
[0057] 

Further, since the organic material adhered to the 
shutter is produced by the evaporation in the vacuum, it is 
refined in many cases. Thus, the organic evaporation material 
with a high purity can be obtained. Therefore, when this 
material is reused, the organic thin film with a further high 
quality can be formed. 

[0058] 

On the other hand, there is an expensive material as the 
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organic material for forming the organic EL thin film. However, 
according to the present invention, there is no case where the 
evaporation material is wasted, and thus the cost can be 
reduced. 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 shows substantial parts of the organic thin film 
forming apparatus according to the present invention, Fig. 
1(a) is a schematic view representing a structure of the 
shutter and its vicinities and Fig. 1(b) is an explanatory 
view showing a method of reusing the organic material adhered 
to the shutter. 

[Fig. 2] 

An explanatory view showing the movement of the shutter 
in the embodiment. 
[Fig. 3] 

A schematic view representing the entire structure of the 
embodiment . 

[Fig. 4] 

An explanatory view showing a positional relationship 
among the organic material evaporation sources, the shutters, 
and the holding portions of the shrouds in the embodiment. 
[Fig. 5] 

A schematic structure view of a conventional organic thin 
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film forming apparatus. 
[Description of Symbols] 

1 ... organic thin film forming apparatus, 2... vacuum chamber, 
3(3A, 3B, 3C) ... organic material evaporation sources, 4 (4A, 
4B, 4C) ... shutters, 5(5A, 5B, 5C) ... heaters, 6A, 6B . . . 
film thickness monitors, 7 (7A, 7B, 7C) ... shrouds, 8 ... 
substrate, 9 ... hot water pipe, 10 ... heating portion, 11 . . . 
main shutter, 12 ... shroud, 14 ... organic material, 50 ... 
lead wire, 51 . . . power source unit, 70 (70A, 70B, 70C) ... 
holding portions, 71 ... cooling medium. 
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1 0 0 os^-s 1 0 

1 As 101 Bfy<D^mumm^(D'&m{cmLrpm 

(DMmmfrW^ti^^T^y^y^— 1 0 4 As 104B 
%IHttTfe<&g#&3fcJ&, 0 4A, 1 

0 4 boMs -r*t3-6s ^awsii^fgsi o i As 

1 o iBtstifytzwttmmwmtzt^omm 

[0 0 10] ilO->ty^-10 4A, 10 4BOII 
50 ^-10 4 As 1 0 4 B(Dmm<DB.<DMmiC £-dT<KD 



mMK^m, m r M^swz-i 0 4 A, 1 0 4 B 

[0 0 1 1] fi£*s ->i"^-10 4A, 10 4 

[0 0 12] C<D«t5&fiaEOKfl5©lljB* 

©HM^ j! fit" § 46 (D V * <y £ - L fc WIWS 

[0 0 13] 

mLrnmm^^rcubiDtam^t, is^-y^-fr 
* c a & i: ? s wasiu&agin? & § o 

[0 0 14] C »*9l2lHtt©%WO«t?fc, 

[0 0 15] lf*^3tBffi©fgW©J:5fc N If* 
« 2 IBiffiOfgEtefc^T, J: -o xmm^(D 

[0 0 1 6] S5fc, If^4fB*MW©<fcMc, If 
** 1 3 ©V^fn^fcSBWO^Kfel/^T, fi«£<D 

So 

[0 0 17]-S, »*K5 8B*o^li, 

*tm.wMLTnxmmtn£ Lxm^ctmmt 

[0018] c If im 6 IBlROSgW© J; 0 

tc^mmmmmv Lxmmmmt & c t mmm 

X$b%>o 

[0019] t£tz. tMm7mm<DmM(D£5ic, if* 
m 6 mmvmmcis^x, mwmm^ x x^mun<D 



(3) # M¥ 1 0- 1 6 8 5 5 9 

[0 0 2 0] W*^8|BffiO^<?)«t5Ks If 

MM 5 75S 7 <DV^-rn^fciB«<D^WfCfeVT, ffi£«D 

[0021] frfrmm^t%mt<m i be*©^© 

*§£\ s/+ >y LftWilW^taSMtc J; ■=> 

xtumu mmhrc^mumium^mc^xmmL 

juttsc ^©fen. immasv&s/vy 

$~<Dmmm,(DMmfc£^x^mMmt>mwtLxm 

[0 0 2 2] If*«2SB«©fiBJ3©J:Mc, 

x -o xnm % * d t^-rtitt\ 

20 [0023] sfex mt<M5tm(onm(o^o^ 
vz-icmhtcmmm*bmLxmMm^ c<o 

^ C©i/^>y^-t##L/c#S#m, UStfPiH 

[0 0 2 4] COl^, If*]l6|BIIOf80JlOct9t, 
S/^ >y ^-^P»B^LfcW«#«©^^iPLTS 

m^^xmrnmrnummm^m-rm, ^mu 

[0 0 2 5] If*^4Xtt8fS«©f§H^(DJ;9 
[0 0 2 6] 

^o [0027] M3i&s ^mmmmim^mmmifM 

#S»Sil^M3 (3 A, 3B) m±®Ul 5* 

[0028] mmM'mm^M3 a, 3 b©i*h»c 

^-'Jri'v— ilT, A 1 q3 [Tris(8-hydroxyquinol in 
50 e) aluminium, sublimed] %WH> S W^tD&tDtfjmZ 



tl3o 

[0 0 2 9] 
lit 11 




Al qs 

[0030] mmummmmm 3 a , 3 b ©±{im#i 

Kit, #@#a©l^«L&UCJ6T*3<fci6©^ 

4 (4 A, 4B) ^ft^nKW-BtU 
£7»-Y >y 4 A, 4 B ©±g«Cti, 
*iP^-r§fc460t:-^-5 (5A, 5 B) i^tlftl 
KW-5ftTV5o #^'^-4A, 4B©±7s 

(6 A, 6 B) jEflKW-eftSo 

[0 0 3 1] #W$l#SffliM3 A, 3 B©Ji 

f 7 ftaf s <fc 5 ^(Dfauimwm.mmmm'z 
n«toT?, #«i*mffli«3 a, 3BiaaiD7j<» 

[0 0 3 2] -73, msmz^^at, mmmzim 
tumm <m * is&k/u 7° 9 § tjp^p 1 0 *\ s 

1 l^WBtiSo 

[0 0 3 3] $fc, JtL-£«2©$lM©jfi{gfai, S«8 
1 2^IS^6tl5o C©->a^<7Fl Zlt, 

M*sst wsats- ns t ©t\ a* 8 ©ms©7ky* 
tfasjt 2 ortgfr 5*mf8f swratm 1 4 ©nm^ 
mm % mm %> t © t-s § 0 

[0 0 3 4] 2 6>lC, *£fl|2f£:», SfS^X^©^® 
tttfX^ICgJf 2 fifcalAf § fefeOfXlAfg 1 3 

[0 0 3 5] 0 1 tt % *HSI©^ftl©Sg|5^-rfeC0 
T\ HI (a) It, —0<Df J ry$—4j&.&<Dm&.%7Fi 
-f«PM(Jjg0, 01 (b) M\ 5/*y*-4fc#*Lfc 

[0 0 3 6] 01 (a) KOktZSK, Wl^lMfg 
aS3©±^fcRtJ5tiS'>+y^— 4t±, 7- A 4 Ot 
<fcoT££4 ltlRDWteti, 7j<T73|p](c|lIfjifti; 
&oTM„ 5/^>y^-4 0±ffifc^t5tl§t-^- 
5 It, U - Fit 5 0 LTM^m 2 cwawcRttfcW 



(4) #iFF 1 0- 1 6 8 5 5 9 

5 

SSB5 l (cgl^titi/^. 
[0 0 3 7] 2/+y#— 4tt* f-^y (T 

i) , €U7*f> (Mo) ^OSfffluS^SffllORffitt© 

[0 0 3 8] -7j, HI (b) t^-r«fc5t<:, 

4 ©Jl H icftif £> tiS a. v £ F 7 ©ft g|5fc 

[0 0 3 9] fLT, 0 2fC^-rJ:5^ 5^y#-4 
H\ *8*ffiJii», 3 ©±73 fc 5/ i 7 * F 7 ©l&§gf! 
7 0®±*i:Oiai*gfSi , rs«fc5fc:«lJs8S4T.TV''5. c 

©«£\ y * — 4 liS/ a V >7 F 7 <DlK&8P 7 0 K C* 

. [0 0 4 0] $fc, 01M>'0 2 fc^f id K, >>a5 
F 7 ©iRSSP 7 0 WrS-^ y £— 4 ©jtflcfc D^^it 

20 [ o o 4 1 ] 0 4 it, m®&nmm%M 3, + y 

4 Rtfi/a. => V F 7 ©l|X^g|5 7 0 ©fiBM^^TK-T fe © 

(0 4 t^-rflaj-pii 3 o) (on vmmmwmmmim 

M3 (3 A, 3B, 3C) , f+y*-4 (4 A, 4 

B, 4C) , ->a7>)F7 (7 A, 7 B, 7 C) jSflRtt 
?>tl3i|^fc{±, &lf$t*ffiffllM3 A, 3B, 3 

C, ~>t7^4A, 4B, 4 C\ ^>a7^K7A, 7 
B, 7COlR§a57 OA, 7 0B, 7 0 C^ffl^R±tC 
E*^tl§o ^LT, #-^7^-4A, 4B, 4C 

30 \t,%&A\<Dmk\c&*>mmtnmsm3k, 3 

B, 3 C©±73^±ISlRSei5 7 0 A, 7 0 B, 7 0C© 
±7a t <DM%fflh-? %> «fe 3 tflifig* tl5o 
[0 0 4 2] CLOj;5&*lfig^'r5*^Sfi(D^|gfCfe 

v^T, S«8±tWiH»M^ffMt-^»^lcti, M^tt 

ffiT?#W««SJl^flS 3 rt©WilttS£FjTA6©Sfifc 
[0 0 4 3] ^LT, MIMIIl3rtOtit 

«?*§o ^LT, FjT£©iS*©#»M^ffML/cm 
K:->+y^— 4Rtf^i'y->-iry^-l l^m^^ a 
[0 0 4 4] ^(Dkorm^MM^mmrt, 0 it 
^-Tcfcdli:, ^•v-y^-4©Tffit#S#Hl 4« 
LT±iat§a u©i/^y^-4tc#«L/c^#S 

it, ^(D^5wmcx-Drm^L, mmmt%<i£tf 

50 [0 0 4 5] r$\ KS«2©ra©E*^ME^M 



M 3 0±^?>ilLTi / a7 »> K 7 OlR^W 7 0 £D± 

[0 0 4 6] *LT\ ^+v*-4 0±ffif<:RW-;fcfc- 
£-5 fcilULTS^ y 4 fcinSfcU ^Offfifcf* 
«Lfc#«$l 4%tairr§o C©«^ WilWfil 
4A«-T§rSg A 1 q 3 ©*£»3 5 0°C 

[0 0 4 7] Z<DBMLrc%MMU 1 4©«±, 

i7r>H7OiR§S|J7 0rtfciifSSnSo fLTv 

[0 0 4 8] C©J:5ft«lfig%Wr5*||filSO^JSfe:«fc 

-r^m^ommm^m^ctti^^^o sat, 

[0 0 4 9] $fc, 4 ©TffltCfttfLfcWfil 

[0 0 5 0] #$|E L»li*Jgfig-r«fci&<DWffl 

MS^I»ct5 d 4:tf fc< , O^Ttinx F 
[0 0 5 1] fcfc, *%Wt4±i8®^fifi©^«lk:IS5n 
y #— 4 ±fc&«- 5 (D/^—y&a 

[0 0 5 2] WSBffi-1 4£lK#f Sfci&O&Sg 

fcS'a.v* K7 fcBUfciaW-SCfcfe-CtStf, ±jibfc 
MM(D&Wi(D& 7 "> K 7 0±ffif;:i)Xgg|? 7 0 

[0 0 5 3] J^©£ffi<DJ&«8fc:fel/->TfcJ\ 

n 7 * f 7 ©rtspt^jft* 7 1 t hxmwmm^mm 

[0 0 5 4] S5£3:fc* ^^^-4^111^1 
WSl 4«r(i]i|X-r§Bfffl«^ ffitttD^tDftZCtifiT* 
f§ 0 fcfcU H^ftJ-pttWSM^ 1 4 0jf»^Bilt? 



(5) 0- 1 6 8 5 5 9 

8 

[0 0 5 5] ?P>(C$fc, *%Wtt*«E Li?^ftS 

si-r sub^hm^c «t 5 mft=?mm&i&t mm 

[0 0 5 6] 
5o 

[0 0 5 7] £5 ->t7 Lfc*f®|im 

20 shmmwmmztBi&t % c t # § „ 

[0 0 5 8] WSE L»JS%^f5fei&©#«| 

[Hffi©®#ft|^Bji] 

©ff^HdSg^S'TfeCT, 01 (a) tt'>t7^i 
^«^T«PS«EI, 01 (b) ttS/^y^-K: 

30 [0 2] ft$m<OJ&&tC33lfZi'*y*-<D&m*&t 

[03] ^*ft<^^ii(D^*sjs^-r»«0Tfe 
[04] mmmtDmmjc&f^munmmmMs 

[05] 8£*©*«H»ii?gfigg«©«iis#ifigiai?*So 

I WSiiMffMSB 2 M£.m 3 (3 

^ a, 3B, 3c) mwtinmmmm 4 (4 a, 

4B S 4C) i/-Y>y£— 5 (5 A, 5 B, 5 

c) t-^- 6 a, 6B mm^-t- 

7 (7 As 7B, 7C) S/a7")K 8 Sfi 

9 S7j</W7° 10 toM 

II 12 v'i^^F 

14 5 0 U-KSS 5 1 m 

MMM 7 0 (7 OA, 7 0B, 7 0 C) 

7 1 



